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Gastric ulceration in horses (equine gastric ulcer syndrome -EGUS) has aroused interest during the last decades due to new intravital diagnostic procedures and results of intensive study of ethiopathogenesis and therapy of this disease.
In many studies, high prevalence of the disease in racehorses and horses in active race training was proven. The prevalence of EGUS ranges from 66% (Hammond et al.1986 ) to more than 90% (Murray 1994) . Horses used for pleasure, riding lessons or show have lower prevalence (37%) and severity of gastric ulcers (Murray et al. 1989 ). Prevalence of EGUS in the Czech Republic is 62.96% (Bezdûková et al. 2004, parallel publication) .
It was proven that the prevalence and severity of gastric ulceration increases with the duration of race training or endurance training (Murray 1994; Orsini and Pipers 1997) . This is consistent with pathomorphological findings in 195 Thoroughbred racehorses reported by Hammond et al. (1989) . In this study, the prevalence of EGUS was higher in horses in active training and racing (80%) than in those that were not in training (37%), and similar results were reported by Murray et al. (1989) . Association between occurrence of EGUS and training intensity has not been evaluated in Middle Europe yet.
The cause of gastric ulcers is still unknown. Diet and feed management are considered potential risk factors. Lower prevalence and severity of gastric ulcers occur in horses which are kept on pasture with continuous feed intake than in those which are fed with high-grain diet. Administration of nonsteroidal anti-inflammatory drugs was reported as a cause of gastric ulceration in many species (MacAllister et al. 1993) , however the occurrence of ulcers is high even in horses with no history of drug use (Hammond et al. 1986 ).
Stress associated with training and racing, stress of various etiologies in foals, or stress associated with illness are possible risk factors in pathogenesis of gastric ulcers. According to positive correlation between training and racing intensity and gastric ulcer occurrence, it is supposed that stress associated with these activities plays an important role in gastric ulcer pathogenesis.
Nevertheless it is considered a contributing factor only for ulcers found in the glandular portion of the stomach and ulceration in the squamous part after exposure to stress was not yet confirmed (Furr et al. 1992) . Reliable sources of information on association between stress and equine gastric ulcer syndrome are not available especially due to problematic quantification and objectification of stress.
In summary, strenuous exercise as well as diet and feed management were proven important contributing factors in the prevalence of gastric ulcers.
The objective of our study was: 1. to determine prevalence of EGUS in individual groups of Standardbred horses divided in accordance to training intensity; 2. to determine association between training intensity and prevalence of gastric ulcers in Standardbred horses in the Czech Republic; 3. to determine association between training intensity and severity of gastric ulcers in Standardbred racehorses with known prevalence of individual ulcer severity scores.
Materials and Methods

Examined horses
Fifty four 2-year-old or older Standardbred racehorses engaged in routine training and racing were selected for this study. The horses were stalled at 5 trainers. All horses were in active training for at least six months. All horses were examined within the first 10 days after the end of racing season which finishes in the first half of November in the Czech Republic. Overall prevalence of EGUS (62.96%) and occurrence of individual ulcer severity scores were determined in the monitored group (Bezdûková et al. 2004, parallel publication) . An adapted gastric ulcer severity scoring system by Nadeau et al. (2002) was used.
In each examined horse intensity of exercise was classified in 4 grades. Grades were set according to volume of fast work in 1 week, number of racings in 1 month, and intensity of endurance training.
• No training intensity:
Horses were not put in sulkies or their daily exercise dose of slow pace work in the sulky did not exceed more than 6 km of slow trotting. Horses did not participate in fast pace work or racing within last 2 months.
• Mild training intensity:
Less than 1 fast pace work per week, endurance training varied from 6 to 10 km of slow trotting a day for at least 5 days a week. Respectively, horses were trained more intensively but less than 5 days weekly. Horses participated in 1 racing within last 2 months at least.
• Intermediate training intensity:
Horses participated at least in 1 fast pace work per week and slow pace work on distance from 10 to 15 km more than 5 times a week. They participated in 2 to 4 racings within last 2 months.
• High training intensity:
Horses participated at least in 2 st pace works weekly, slow pace work exceeded 15 km more than 4 times per week or average number of racings was 0.75 to 1.0 per week.
According to training intensity, horses were selected to the following groups: No training 5 horses (9.26%), mild training 6 horses (11.11%), intermediate training 19 horses (35.19%), and high training intensity 24 horses (44.44%) ( Table 1) .
Parameters evaluating influence of the additional factors for occurrence and severity of EGUS (feeding, diet and etc.) will be described in following studies.
Statistical analyses
A database was made by use of obtained anamnesis and examination results. Overall prevalence of EGUS was used from the former study (B e z d û k o v á et al. 2004, parallel publication). Occurrence of EGUS was derived in individual training intensity categories. The obtained results were expressed in percentage (Table 1) .
Association between occurrence or severity of gastric ulcers and exercise intensity was analyzed in each training category.
The obtained data was statistically analyzed using χ 2 test and its modifications for low periodicity (Fischer's test, G-test), and by use of non-parametric tests (Wilcoxon's test, Steel-Dwass test and Spearman's rank correlation test). Commercially available software (Excel, KyPlot) and online data analysis available on internet were used for statistical analyses.
Results
1.
Prevalence of gastric ulcers was 20.00% in Standardbred racehorses with no training intensity, 16.67% in horses in mild training, 68.42 % in horses in intermediate training and 79.12% in horses in high intensity training (Table 1) .
2. Significant association was proven between training intensity and occurrence of gastric ulcers (median 3 in EGUS positive horses; median 2 in EGUS negative horsesWilcoxon's test; p' < 0.0079 -G-test).
3. Positive correlation between training intensity and gastric ulceration severity was proven (rs = 0.4105; p = 0.003). Note: Spearman's correlation coefficient.
Discussion
Our objective was to determine the prevalence of gastric ulcers in accordance with training intensity. The study was performed in a group of 54 Standardbred racehorses where overall occurrence of gastric ulcers was 62.96% (Bezdûková et al. 2004 , parallel publication). The group of 54 horses was divided into 4 categories according to training intensity (no, mild, intermediate and high training intensity). Individual exercise intensities were determined by volume of fast pace work, slow pace work, and racing. The lowest occurrence of EGUS was in horses in intermediate intensity of training (16.67%) and highest occurrence was in horses in high intensity training (79.12%). Occurrence of ulcers in horses with no training intensity was 20.00% which was comparable to the group in training of intermediate intensity. There was 1 EGUS positive horse in the intermediate exercise intensity group (out of 5 horses) and 1 positive horse in intermediate training intensity group (out of 6 horses) ( Table 1 ). The prevalence of gastric ulceration in categories of no training intensity and intermediate training intensity could be influenced with the low number of horses in these groups. The prevalence of EGUS in the group of intermediate training intensity was 68.42% and in the group of high intensity training was 79.12%. These results are comparable to the prevalence of EGUS in Thoroughbred racehorses in intensive training (without being divided into individual training intensity categories) reported by Hammond et al. (1986) . According to this study, the prevalence of gastric ulcers in horses in training was 80% whereas in non-trained horses was 37%. Murray et al. (1989) reported 78% prevalence of EGUS in racehorses in active race training. However, all examined horses showed some non-specific clinical signs of gastric ulceration. Rabuffo et al. (2002) monitored prevalence of ulcers in 224 two-year-old and three-year-old Standardbred racehorses in the United States which was 87%. Horses in this study did not show any non-specific clinical signs of gastric ulceration. No information on gastric ulceration prevalence in Middle and Eastern Europe is available. The prevalence of EGUS in race bred horses in the world vary from 66% (Hammond et al. 1986 ) to over 90% (Murray et al. 1994) . The high prevalence of this disease in the population of racehorses was confirmed in our study as well.
The second objective of our study was to determine possible association between exercise intensity and EGUS occurrence in the monitored group of horses. Our last objective was to evaluate possible association between training intensity and severity of gastric ulcers.
The occurrence of gastric ulcers significantly increased with training intensity. Also severity of ulcers significantly increased with training intensity or more severe gastric ulcer scores occurred in more horses with an increase in training intensity. Our results correspond with Murray et al. (1996) who proved positive correlation between the duration of training and occurrence, or severity, of gastric ulceration in 35 Thoroughbred racehorses. However, significant association was found just between training intensity and changes in the squamous portion of gastric mucosa. Association between changes in the glandular part of gastric mucosa and duration of training was not significant. In our study of 54 Standardbred racehorses, changes in the glandular gastric mucosa were not evaluated (Bezdûková et al. 2004, parallel publication) . We should emphasize that most lesions which are characteristic for EGUS are localized in squamous portion of the stomach (Sandin et al. 2000) . Presumably, the non-secretory squamous portion of gastric mucosa predisposes to less effective protection and is more likely to develop lesions than the glandular portion. On the contrary, the gastric glandular mucosa which is responsible for complete gastric secretion of protective or aggressive substances is more resistant to ulceration (Murray 1997) . Positive correlation between endurance exercise in racehorses and prevalence, or severity, of gastric ulcers was reported by Murray (1994) or Orsini and Pipers (1997) .
Besides training intensity, diet and feed management are often discussed as possible risk factors in gastric ulcer occurrence. Pasture feeding is associated with lower incidence, whereas feeding more concentrates and less hay are associated with higher incidence of gastric ulceration, lower stomach pH (Murray and Schusser 1992) and higher blood gastrin levels (Smyth et al. 1998) . Horses secrete gastric acid continuously, even when they are not eating (Campbell-Thompson and Merrit 1987) . Therefore, feeding frequency and management play an important role in gastric mucosa damage. Nevertheless, according to our clinical experience, horses in no training intensity, kept on pasture and not fed with concentrated diet can also show signs of severe gastric ulceration. Risk factors in these animals are not known.
In conclusion, association between intensity of race training and prevalence, or severity, of gastric ulcers was evaluated in our study. In 54 Standardbred racehorses divided into 4 groups in accordance with training intensity, correlation between exercise intensity and occurrence, or severity, of ulcers was proven. Our results correspond with other published studies. We also expect influence of diet and feed management in pathogenesis gastric ulceration. However, exceptions are possible not only in the horses which are predisposed to EGUS (racehorses) but also in horses in relatively low risk of EGUS development (no exercise, pasture feeding).
Syndrom gastrické ulcerace u klusákÛ v âeské Republice a jeho závislost ke stupni zátûÏe
Cílem studie bylo stanovení prevalence ulcerací Ïaludku (EGUS) u jednotliv˘ch skupin dostihov˘ch klusákÛ v âeské republice rozdûlen˘ch podle intenzity zátûÏe a dále zji‰tûní pfiípadné souvislosti mezi v˘skytem a stupnûm závaÏnosti gastrick˘ch ulcerací a intenzitou tréninkové zátûÏe. Pro studii bylo vyuÏito 54 dvoulet˘ch a star‰ích klusákÛ v tréninku. Prevalence EGUS u koní bez zátûÏe byla 20,00 %, prevalence EGUS u koní v mírné zátûÏi byla 16,67 %, u koní ve stfiední zátûÏi 68,42 % a u koní ve vysoké zátûÏi 79,12 %. Byla zji‰tûna statisticky v˘znamné souvislost mezi intenzitou zátûÏe a v˘skytem Ïaludeãních vfiedÛ a pozitivní korelace mezi intenzitou zátûÏe a stupnûm závaÏnosti EGUS.
Vfiedy Ïaludeãní sliznice jsou ãast˘m onemocnûním u dostihov˘ch klusákÛ v âeské republice. Jejich v˘skyt a stupeÀ závisí na intenzitû tréninku.
